The authors carry out ultrasonic testing of pump concrete test blocks, which are naturally cured to different ages, to acquire the ultrasonic wave velocity of the test blocks under different ages and working stresses. On this basis, the authors analyze how the ultrasonic wave velocity changes with the age and working stress, and fit the relationship between working stress of concrete and ultrasonic wave velocity. The results show that the ultrasonic wave velocity grows with the age of concrete, but the growth rate slows down over time; the working stress of the concrete has a good correlation with the ultrasonic wave velocity, and the relationship between working stress and ultrasonic wave velocity is well described by the linear function and quadratic polynomial function.
INTRODUCTION
As the most popular structure in construction engineering, the concrete structure is critical to the safety of engineering structures (Castaneda, 2010; Geng et al., 2016) .However, factors like bad weather, natural disasters, structural aging, and construction accidents may induce a deviation of the actual stress from the designed value at the control sections of in-service concrete, resulting in so-call "concrete disease" and posing a hidden hazard to the building structure. It is of great importance to evaluate the strength and working stress of in-service concrete in different parts accurately because the results guarantee the accuracy of the safety assessment of the concrete structure (Zhuang et al., 2016) . Thanks to rapid measurement, low cost and intactness of the concrete structure under test, nondestructive testing is widely used in the detection of the internal defects and strength of concrete (Jones and Fącąoaru, 1969) . However, little research has been done to apply nondestructive testing on the working stress of in-service concrete. On the basis of ultrasonic testing, this paper uses the ultrasonic detector to detect the ultrasonic wave velocity of C20 and C30 pump concrete test blocks under different ages and working stresses, analyzes how the ultrasonic wave velocity changes with the age and working stress, and fit the relationship between working stress of concrete and ultrasonic wave velocity.
The basic principle of ultrasonic testing is as follows (Cheng et al., 2003) : Under the repeated excitation by the ultrasonic instrument, the transmitting transducer emits pulsed ultrasonic wave. The ultrasonic wave passes through the concrete medium, and is eventually received by the receiving transducer. Then, the ultrasonic wave, which carries the mechanical properties, material composition, defect/intactness and other information of the concrete, is converted by the receiving transducer into electrical signals. The electrical signals are transmitted to the ultrasonic instrument, where they are further converted into acoustic parameters (time of flight, sound velocity, amplitude, frequency and waveform) to be displayed on the LCD. Through accurate measurement and processing of these acoustic parameters, researchers can understand the properties of the concrete and other quality information (Li, 2010) . Ultrasonic testing is usually used to detect the strength and internal defects of concrete. There is a certain relationship between sound velocity and concrete strength. The defects in concrete component have a certain impact on sound velocity and amplitude, and the impact is more obvious if the defects, e.g. cracking, are larger in size.
MATERIALS AND METHODS

Test principle
The basic principle of ultrasonic testing is as follows: under the repeated excitation by the ultrasonic instrument, the transmitting transducer emits pulsed ultrasonic wave. The ultrasonic wave passes through the concrete medium, and is eventually received by the receiving transducer. Then, the ultrasonic wave, which carries the mechanical properties, material composition, defect/intactness and other information of the concrete, is converted by the receiving transducer into electrical signals. The electrical signals are transmitted to the ultrasonic instrument, where they are further converted into acoustic parameters (time of flight, sound velocity, amplitude, frequency and waveform) to be displayed on the LCD. Through accurate measurement and processing of these acoustic parameters, researchers can understand the properties of the concrete and other quality information (Lin et al., 2005) . Ultrasonic testing is usually used to detect the strength and internal defects of concrete. There is a certain relationship between sound velocity and concrete strength. The defects in concrete component have a certain impact on sound velocity and amplitude, and the impact is more obvious if the defects, e.g. cracking, are larger in size.
Raw material and equipment
The test uses the ordinary Portland cement P.O 42.5 (brand: Taihangshan), river sand (max. grain size: 30mm; min. grain size: 5mm; gradation: good; soil content: less than 0.5%) and gravel from Mancheng County. The additives for C30 concrete are Grade II fly ash produced by Xibaipo Power Plant, which meets the performance indicators and quality requirements in relevant specifications.The admixtures for the concrete are polycarboxylate superplasticizer, which also meets the quality requirements in specifications and standards.The main equipment of the test includes TYE-3000 pressure testing machine and ZBL-U520/510 non-metal ultrasonic testing instrument (manufacturer: Beijing ZBL Science and Technology Co., Ltd.). 
Mix proportion design
Ultrasonic testing
After demolding, the test blocks are naturally cured to the testing age (7d, 14d, 28d, 49d, and 60d). In total, there are 60 test blocks. The test blocks of the same grade are divided into 5 groups by age. Each group has 6 blocks. The side of the casting surface is taken as the test surface. Prior to the test, the authors wipe the test surface clean, and number the test blocks. See Figure 1 for the processing of the test blocks.
Then, the treated test blocks are subject to a compression test. Stepped loading is performed with a press machine running at the loading rate of 0.3MPa/s. The measuring points are arranged on two opposite measuring surfaces. The transducers of the ultrasonic instrument are coupled with the measuring points by butter. When coupling each transducer to the measuring point, the axis of the transmitter and the transducer should always be on the same line, ensuring that measuring distance is 150mm. C20 concrete test blocks are loaded to the stress of 3MPa, 6MPa, 9MPa, 12MPa, and 15MPa for ultrasonic testing; C30 concrete test blocks are loaded to the stress of 3MPa, 6MPa, 9MPa, 12MPa, 15MPa, and 18MPa for ultrasonic testing. Measure the ultrasonic wave velocity at the upper and middle sampling points (accurate to 0.0001km/s) (See Figure 2 for the measuring point arraignment), take the average, and round it to 2 decimal places. After the ultrasonic test is complete, the press machine continues to load until the test blocks are damaged. Test and record the compression strength of concrete test blocks. 
RESULTS AND DISCUSSION
Test data
The ultrasonic wave velocity of the test blocks under different ages and working stresses are obtained.See Table2 for the result of the test. 
.2 Data analysis
The Origin data processing software was used to process the data and fit the curve.
How ultrasonic wave velocity of concrete changes with age
Every C20 concrete test block has 5 ultrasonic wave velocities, which are measured at five different stress states, while every C30 concrete test block has 6 ultrasonic wave velocities, which are measured at six different stress states. For every group of test blocks, the authors remove the maximum and minimum sound velocities at each stress state, and take the average of the rest 4 values as the typical sound velocity of concrete at the corresponding age and stress state. See Figure 3 for how ultrasonic wave velocity of C20 and C30 concrete changes with age. (1) The ultrasonic wave velocity range of C20 concrete is 4.06～4.90km/s and that of C30 concrete is 3.76～4.25km/s.
(2) At the same stress status, the ultrasonic wave velocity increases with age. In the early phase, the velocity grows rapidly, but the growth rate slows down after 28 days. Due to the high water content of the concrete at the beginning, micro pores are formed through hydration over time. The pores hinder the growth of ultrasonic wave velocity.
(3) For concrete test blocks cured to the same age, the ultrasonic wave velocity decreases as the stress increases. At low stress, the concrete sound velocity changes only a little or remains the same. However, as the load increases, the ultrasonic wave velocity begins to fall. The variation is caused by two reasons. First, under increasing load, the concrete starts to crack internally and the cracks gradually run through the whole concrete; the velocity is reduced because the ultrasonic wave is transmitted faster in the air than in solid matters, and it is reflected or diffracted at the gas-air interface. Second, the concrete test blocks are under uniaxial vertical loading. The load increase causes lateral deformation to the test blocks, which lengthens the transmission path and the transmission time. As the measuring distance is still the same, the measured ultrasonic wave velocity is reduced.
Relationship model analysis
To ascertain the accurate relationship between stress and sound velocity, the power function model, linear function model, polynomial function model and exponential function model are used to fit the relationship. The corresponding regression equations are established and tested by fitting test and significance test. The goodness of fitting is judged by the correlation coefficient R². The closer the absolute value of the correlation coefficient is to 1, the higher the data correlation, and better goodness of fitting of the regression equation. The significance is judged by the P value. If P is below the given significance level (e.g. 0.05), it indicates that the variables have a significant relationship with each other.
See Figures 4 and 5 for the fitting results of some of the test blocks about C20 and C30, and see Tables 3 and 4 for the analysis of the regression results. 
4.CONCLUSION
Through the analysis of the results, it is discovered that:
(1) There is a certain correlation between ultrasonic wave velocity and concrete stress. As shown in Figure 4 , the ultrasonic wave velocity decreases with the increase of stress.
(2) As shown in Table 2 and Table 3 , there are 4 function modes for concrete test blocks of both grades, and the fitting correlation coefficients of all regression equations are close to 1, indicating that the regression equations have high goodness of fitting. As the P value falls between 0.005 and 0.0447, which is below 0.05, there is an obviousfunction relationship between the stress and ultrasonic wave velocity.
(3) the regression equation of the two intensity levels, the equation coefficients are different, we can know that the relationship between ultrasonic wave velocity and stress by the concrete strength level, which is due to the ultrasonic velocity and the strength of concrete strength of different strength levels of concrete strength Different, in the same age have different effects on the speed of sound.
(4) The regression equations of the two grades have different equation coefficients, indicating that the relationship between ultrasonic wave velocity and stress is affected by concrete grade. That is because the ultrasonic wave velocity depends on concretestrength, and concrete strength differs with the grade. Thus, when the age is the same, concretes of different grades have different impact on wave velocity.
(5) The power function model, linear function model, polynomial function model and exponential function model have good fitting effect on the relationship between wave velocity and stress. Comparing the regression equations of the two grades and the correlation, the authors conclude that the linear function and quadratic polynomial function boasts the best fitting effects. The two modes can be used to study the relationship between the ultrasonic wave velocity and working stress of concrete, and develop the stress-strain curve of the pumpconcrete under ultrasonic testing.
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